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Novel Imldazo^S-blpyrJdine-Derfvatives 
Field of application of tho jnyantiorj 

The invention relates to novel imIda Z D[4.5-b}pyridine derivatives, which are used in the pharmaceutical 
industry for the production of pharmaceutical compositions. 

Known technical background 

In.the German Patent Application DE 2504252 and in the European Patent Application EP 0125758 3H- 
imWazo[4,5-b]pyridine derivatives with anti-ulcer activity are described. 

Descriptio n of the irjvanjjon 

It has now been found that the imidazo[4.5^pyridine derivatives, which.-are described in greater details 
below, have unanticipated and sophisticated structural features and surprising and particularly 
advantageous properties. 

The Invention thus relates to compounds of formula I 




(I) 

in which 

R1 Is hydrogen or 1-4C-alkyl. 

R2 is hydrogen, halogen, hytiiwyl, nltro, amino, 1-7C~2lKyl. trifluoromethyl. 3-7C-cyc|oalM. 3-7C- - 
cydo a lM-1-4C-alfcy». ?-4C-altoy, completely or predominantly fluorine-substituted 1-4C-alkok T 
1-4C-al!<o^1-4C-aIky|. 1^C-alkoxy-l^c-alK(»y, 1^C^lf»xycarbonyl, mono- or di-1-4C- 
alkylamlnocarbonyl. mono- or dM-4CalkylamlnosulfonyI. 1-4C-alkylcarbonyiamlno. 1-4C- 
alkyisulfonylamlno. phenyl, R21- and/or R21 1-substltuted phenyl. phenyM-lc-aJIcyi. phenyl-l^c- 
alkyl wherein the phenyl moiety is substituted by R22. phenyl-1-*C-alkoxy, pyridyl. pyridyl 
substituted by R23. pyrldyM-*C-alkyl. pyrtdyM-lc-aikyl wherein the pyridyl moiety Is substituted 
by R24, In which 

R21 is cyano. halogen, carboxyl. l-4fc-alkyl. l^alkoxy, amlnocarbonyl. mono- or dM-4C- 

alkylaminocaibonyl. 1-4C^Mcarbonyiamino. 1-4C^Ikoxycarbonyi. amino5ulfonyl..mono-ordl- 
1-4C-alky| a minosulfonyl. amino, mono- or di-l-4C-aJKylamino, trifluoromethyl, hydroxy). 
phenyIsulfonylaminoorphenyl-l-4C-alkoxy, 
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R211 is halogen or 1-4C-aIKoxy, 

R22 Is halogen 1-4C-alkyl or 1-4C-altoxy. . ■ 

B23 is halogen, 1 -4Caikyl or 1-4C^alkoxy, 

B24 is halogen, 1 *4C-a1kyf or l^Oalkoxy, 

R3 is hydrogen, halogen, 1-4C-alkyl or 1-4C-alkoxy, 

R4 is'MOalkyl, 

R11 Is 1-4C-a1kyi, 

and the salts, the N-oxides and the salts of the N~oxides of these compounds, 

1-4C-AIM is a straight-chain or branched alkyl radical having 1 to 4 carbon atoms. Examples are the 
butyl, isobutyl, seobuty), tert-butyl, propyl, isopropyl, ethyl and methyl radicals, 

1-70A!kyl is a straight-chain or branched alkyl radical having 1 to 7 carbon atoms. Examples are the 
heptyl, isoheptyl (5-methylhexyl). hexyi, (sohexyl (4~methylpentyi), neohexyl (3,3-dimethylbutyl), pentyl, 
Isopentyl (3-*nethy|butyD, neopentyl (2,2-dimethylpropyi), butyl, isobutyh sec-butyK tert-butyl; propyl, 
. isopropyl, ethyl and methyl radicals. 

1-4CVMkoxy is a radical which, in addition to the oxygen atom, contains a straight-chain or branched 
alkyl radical having 1 to 4 carbon atoms. Alkoxy radicals having 1 to 4 carbon atoms which may be 
mentioned in this context are, for example, the butoxy, isobutoxy, sec-butoxy, tert-butoxy, propoxy, jso- 
propoxy, ethoxy and methoxy radicals. 

3-7C-Cycioa|kyl stands fbrcyclcpropyl, cydobutyl, cyclopentyi, cyclohexyf and eyeloheptyl, of which 
cyclopropyl, cyclobutyl and cyclopentyl are preferred. 

3-7C-CycioalkyH-4C-atkyi stands for one of the abovementioned 1-4C-alkyl radicals, which is 
substituted by one of the abovementioned 3-7C-cycloalkyl radicals. 3-7C-CycIoalkyM-2C-aityl,. 
particularly 3-7C-cycloalkylmethyl, radicals are to be emphasked in this connection. Examples which 
may be mentioned are the cyclopropylmethyl, the cyclohexylmethyl and the cyclohexylettiyl radicals. 

Halogen within the meaning of the present invention is iodine, bromine, chlorine or fluorine. 

Completely or predominantly fluorine-substituted 1-4C-alkoxy.is l for example, the 
2,2,3,3,3-pentafluoropropoxy, the perfluoroethoxy, the 1,2,2-Wfluoroethoxy and in particular the 
1,1,2,2-tetrafluoroethoxy, the 2,2,2-trifluoroethaxy, the trifluoromethoxy and the difluoromethoxy radical, 
of which the difluoromethoxy radical is preferred. •Predominantly 1 ' in mis connection means that more 
than half of the hydrogen atoms of the 1-4C-alkoxy groups are replaced by fluorine atoms. 

1^C-Alkoxy-1^C-alkoxy stands for one of the abovementioned 1-4C-a|Koxy radicals which is 
substituted by the same or another of the abovementioned 1 -4G-alkoxy radicate. Examples which may 
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(-O-CH2-CH2-O-CH2-CH3). 

r^TT^^ n ^ forGne ^ fte ^ 0Vem ^° ned M^-* is substituted 
I ^! V8ment,0ned ^mp.^ which may be mentioned ere the 2- 

ethoxyethyl arid the 3-methoxypropyl radical. 

Mono- or Di-1-4C^IWamino radicals contain in addition to the nHrogen atom, one or two of the 
abovemsntioned MOaiky, radicais. Preferred are the hM^iKy.amir.o radicais. especially the • 
*™thy1amino. m ed^^ Peclallythe 

Mono- or Di-I^lkyiaminocarbony, radicate contain In addition to the carbony! group one of the 

methyl- the N.N-dimethyi-, the N-ethyh me N-propyl- the N.N-diethyl- and the N- 
isapropylamlnocarbonyl radical. 

Mono^r DM^lKylaminosulfbny, stands for a sultonyl group to which on* of theabuvementioned 
mono- or dM ^alKy^mo radicals Is bonded, Examples which may be mentioned areTe 
methyiaminosultonyl. the dlmethyfaminosulfonyl and the etoylaminosuHonyl radical. 

An I^C^Ikylcarbonylamino radical is. for example, tha propfonyiamlno [C 3 HrC(0)WH-] and the 
acetylamino radical [CHsC(o)NH-}. 

l^ C tT'? nylamin ° radiCa ' IS ' fbreXamP ' 8 - P ro PV^nyiamlno [C^o^h-] and the 
melhylsulfbnylamfno radical [CHsS^JaNH-]. . 

I^Altexycarbony. is a carbony. group to which one of the abovementioned l^ikoxy radicals is 
ralate. 68 ^ meth0XyCarb0ny, IPH^WH and the ethoxycarbonyt t CH 3 CH a O-C(0» 

rT^'T^ 006 * ** ab0VEmentoTOd 1"^^ radicate, which Is substituted by 
the phenyl rad.ce,. Examples which may be mentioned ere the benzyloxy and the phenethoxy radical. 

ZZZZZf? T * aboVementioned which Is substituted by a 

Phenyl radical. Examples which may be mentioned are the phenethyl and the benzyl radical. 

ZT^TTT ^ °" ° f ^ ab0Vementi0ned 1 «— * which le eubsNuted by a 

pyndy. radical. Examples which may be mentioned are me pyddylethytand me pyndylmethyl radical 

N-oxlde denotes the N-oxide on the pyridine which Is substituted by OR4. 
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Compounds according to this invention which may be mentioned include for example compounds of 
formula la 



in which R1 , R4 and R1 1 have the meanings given above and A suitably includes 3H-lmidazo[4,5- 
b]pyridin-2-yl, 7-methyWH-imidazo[4.5-b]pyridin-2-yl. 5,7-dimethyl-3H-imidazo[4.5-b]pyridin-2-yl, 5- 
m9thoxy-3H-imidazo[4,5-b]pyrldln-2-yl. 5-brom-3H-imidazD[4,5-blpyrid1n-2-yl, 7-methoxy-3H- 
imidazot4^b]pyridin-2-yl,74iydroxy^H-imidazo[4.5*]pyridl^ 

yl, 7-(2^ethoxy-etnoxy)-imidazo^,5-b]pyi1din-2-yl r 7-(1 ,1 .14ritluoroethoxy)^mrnidazo[4.5-b]pyrid1n-2- 
y|, 7-(phenylethoxy>3H-imldazoI4,5-bJpyridin-2-yl, 7^phenylemyO-3H-imidazo[4.5-blpyridin-2-yl, 7- 
(tolylethyl^smmidazop.S^lpyridfo^^ 

ylethyl)-3H-imidazo[4,5-b]pyridln-2-yl, 7-(pyrid-3-ylethy|)^H-imidaMl4,5-b]pyr|din-2-y1 l 7-(4- 
nrethoxypyrid-2^lethyO^H-^ 

3H-lmidazo[4.5-blpyridin-2-yl, 6^4wnemoxyphenyl)-3H4midazot4.5-blpyridin-2-yl, 6-(4-methylphenyl)- 
3H-imtdazo[4.5^]pyndin^-yl.e^Itn>3W^ 
blpyridin-2-yl, 6^4^nophenyl)^H4mtdazD[4.5-b]^ 
B^rifluorometoyl-3H4midazor4,5-blpyridin-2-yl 1 6Modo-3H4mldazot4 l 5-« 

3H-imidazo[4,5-b]pyridin-i-yl. 6-(4-dimethylaminophenyl)^H-^ B-(4- 

hydroxypheriylHrttmldazo[4.i^ 

6K4-phenylsulfonylaminophenyl)^H^ida^ 

imidazo[4>b]pyridin-2-yl, 6^3.4^^ 6-(3.5-dichlorophenyl)~ 
3H^midazn[4.5-b]pyridln-2-yl. 6K4^r^oxyphenyl)-3H-fmldazo[4 1 5-D]pyrtdln-Z-yl. B-(4-benEVloxy-3- 
tluoro.p|ienyl)-3H-imida2o[4.5-b]pyridin-2-yl, B-(3-methyl-butyn^3H-imidaM[4,54j]pyri.din-2-yl, 6- 
cydohexylmemyl-3H-lmidazo[4.5-b]pyridin-2-yl l 6^rizyWH-imidazo[4.5-b]pyridin-2-yl. 6-ethyl-3H- 
imidazo[4,S-blpyrtdin-Z-yl, 6^opropyWH-imidarol4.5-blpyridin^-yl. 6-n-pentyl-3H-lmidazo(4.5- 
b]pyridin-2^,6K4^lorophenyn^Wmidazo[4.S-b]pyridin-2-yl,6-(4-tlu6rop 

b]pyridin-2-yl,6M2-fluorophenyl)-3HMmida^^ 

b] P yritfn-2-yl.6-(3-bmmophenyO^H-M^ 

blpyridirv2-yl.6-phenetoyWHHmida^ 

y1,6-(4^romo^henyl^ethyl)^HHmidazot4,^blpyridin-2^l, 6-(4-acetamido-phenyl)-3H-imidazo[4,5- 
b]pyridin-2-yl.6.(4-metooxycarbonyt^henyO-3H-imidazo[4.5-b]pyrid 

imidazo[4,S-blpyrid!n-2-yl. e^ethoxycarbonyWHMmidazo^.S^lpyridin^-yl. 6K4^imethylamino^ 
caroony^phenyD^H-lmidazD[4,54i3p^ 

b]pyrid1n-2^,6K4^iemy1aminosulphony1-phenyi)^H-imidazo[4.S-b]pyri* B-(4-methylamino- 
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sulphonyvphenyi)-3HHmidazo[4,^ 

2-yl. 6^4-eti>yIaminosulphony!-phenyl)^H^midazo[4,S-blpyri(lin-2-yJ or 6K3-fluon3-4- 
dImethylaminosulphonyl-phenyl)^H^midteo[4,5-b]pyridin-2-yL 

Suitable salts for compounds of formula I - depending on substitution - are al! acid addition salts or all 
salts with bases. Particular mention may be made of the pharmacologically tolerable inorganic and 
organic adds and bases customarily used in pharmacy. Those suitable are, on the one hand, water, 
insoluble and, particularly, water-soluble acid addition salts with adds such as, for example, 
hydrochloric add, hydrobromic acid, phosphoric add, nitric acid, sulphuric add. acetic acid, citric add, 
D-gluconic acid, benzoic add. 2-(4-hydroxybenzoyl)benzDic add. butyric acid, sulphosalicync acid, 
maleic acid, lauric add, malic add. fumarie add, succinic add, oxalic acid, tartaric acid, embonic acid, 
stearic add, totuenesulphonic add. methanesulphonie acid or 3-hydroxy-2-naphthoic acid, the adds 
being employed in salt preparation - depending on whether a mono- or potybasic add is concerned and 
depending on which salt is desired - in an equlmolar quantitative ratio or one differing therefrom. 

On the other hand, salts with bases are - depending on substitution - also suitable. As examples of salts 
with bases are mentioned the lithium, sodium, potassium, caldum, aluminium, magnesium, titanium, 
ammonium, meglumine or guanidinium salts, here, too, the bases being employed in salt preparation in 
an equimolar quantitative ratio or one differing therefrom. 

Pharmacologically intolerable salts, which can be obtained, for example, as process products during the 
preparation of the compounds according to the invention on an industrial scale, are converted into 
pharmacologically tolerable salts by processes known to the person skilled in the art 

According to expert's knowledge the compounds of the Invention as well as their salts may contain, eg. 
when isolated in crystalDne form, varying amounts of solvents. Induded within the scope of the 
invention are therefore an solvates and in particular an hydrates of the compounds of formula I as well 
as all solvates and in particular all hydrates of the salts of the compounds of formula I. 

A person stalled in the art knows on the base of his/her ssspert knowledge that the compounds 
according to this invention can esfst, with regard to the fused imidsso ring, in different tautomeric forms 
such as eg. in the 1-H form or, preferably, in the 3-H form, which Is shown in formula I. The invention 
includes all conceivable tautomers in pure form as well as in any mixing ratio. Particularly the present 
Invention indudes the pure 1-H- and. preferably. 3-H-tautomere as wall as any mixtures thereof. 



Compounds according to this invention worthy to be mentioned are those compounds of formula I in 
which 

R1 Is hydrogen or 1-4C-alkyl. 
R2 is hydrogen, 



Enpf.zeit:01/10/2003 14:29 



Empf.nr.:876 P. 012 



,.1/ 



1.OKT.Z003 14-33 



RLTRNP PHRRMR RG 



NR. 511 S. 13/33 



1143EPORDQ1 2003-02 02 

R3 is hydrogen, 
R4 is methyi. • 
R11 is 1-4C-aIkyl. 

and the salts, the N-oxides and the salts of the N-oxIdes of these compounds. 

Compounds according to this Invention more worthy to be mentioned are those compounds of formula I 

In which 

either 

R1 is hydrogen, 
R2 Is hydrogen, 

R3 Is hydrogen, • 
R4 is methyl, and 
R11 is methyl or ethyl, 
or 

R1 is methyl, 
R2 is hydrogen, 
R3 is hydrogen, 
R4 is methyl, and 
R11 is methyl, 

end the salts, the N-oxides and the salts of the N«oxides of these compounds. 

The compounds of formula I according to the Invention are, depending on the meanings of R1 and R1 1 , 
chiral compounds. The invention includes all conceivable enantfomers in pure form as well as in any 
mixing ratio including the racemate. 

A sperial embodiment of the compounds of the present invention include those compounds of formula I 
in which R4 is methyl. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I in which R3 is hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I in which R4 is methyl and R3 is hydrogen. 

Another special embodiment of the compounds of the present invention include those compounds of 
formula I in which R1 is hydrogen and R11 is methyl. 

Another special embodiment of the compounds of the present Invention include those compounds of 
formula I in which R1 is hydrogen, R3 is hydrogen. R4 is methyl and R11 is methyl 
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Another special embodiment of the compounds of the present invention include those compounds of 
formula . in which the sybstituent R2 Is bonded to the 6-position of the imidazoline ring system. 

■me substltuentsRai andR211 can be attached In the ortho,meta or para position wflh respect to the 
binding position in which the phenyl ring Is bonded to the Imidazoline ring system, whereby in a 
special embodiment the substituent R21 is attached In the para position. 

"The compounds of formula I according to the invention can. for example, be prepared according to 
toose synthesis mutes specified and shown below or in a manner described by way of example m the 
following examples or analogously or similarly thereto. 

Reaction scheme 1 below shows byway of example the preparabon of compounds of formula I In 
which R1 is hydrogen and R2, R3. R4 and R1 1 have the meanings Indicated above. 

Reaction scheme 1: 

"V R1-C(R11)Y-X 



NH, 



(VI) 




In a first reaction step diamine compounds of formula VI, in which R2 and R3 have the meanings 
indicated above, are converted Into SWmldaa^.S^lpyridlne derivatives in a manner known from the 
literature or with analogous or similar use of processes known from the literature. For example said 
compounds of formula VI can be reacted with carboxytfc acids or carboxylic acid derivatives of formic 
V. in which R1 is hydrogen, R11 Has the meanings indicated above. Y Is a suitable leaving group 
advantageously chlorine, and X Is a cyano or carboxyl radical, to give in a condensation reaction ' 
compounds of formula IV. In which R1 is hydrogen and R2. R3, Rt1 and Y have the meanings 
mentioned above/This condensation reaction can be earned out as known to one of ordinary skill in the 
art eras described by way of example In the following examples, for example, by using a suitable 
condensing agent such as preferably polyphosphoric acid in a suitable inert solvent or. preferably 
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without further solvent using an excess of condensing agent, preferably at elevated temperature, in 
particular at 13D°-170 a C. 

Compounds of formula VI are commercially available or are known, e.g. from S.-X. Cai et el., J. Med. 
Chem. 1997, 40(22), 3679-3686, or can be obtained according to known procedures or analogously or 
similarly thereto. 

Compounds of formula V are also commercially available or can be obtained in a known manner. 

Alternatively, compounds of the formula IV, in which R1 . R2, R3 and Y have the meanings mentioned 
above and R11 is hydrogen, can be also obtained by art-known procedures according to literature (e.g. 
as described in L. Bukowskl et at., Pharmazle 1999. 54(9). 651-654 or G. Cleve et at. Liebigs Ann. 
Chem. 1971,747,158-171). 

Compounds of fonnuia IV, in which R1 is hydrogen and R2, R3. R11 and Y have the meanings 
mentioned above, can be converted with certain phosphanes into corresponding phosphonfum salts. 
Preferably, compounds of formula IV are reacted with Wbutylphosphane or triphenylphosphane to give 
corresponding compounds of formula III. in which R1 is hydrogen and R2, R3. R1 1 and Y have the 
meanings mentioned above and R is butyl or phenyl. Said reaction can be carried out in a manner 
habitual per se or as described in the following examples in a suitable solvent such as, for example, 
acetonitrile or N.N-dimethylformamida or a mixture thereof, at elevated temperature, preferably at 90'- 
ISO'C. optionally in the presence of an auxiliary such as tetrabuiylammenlum iodide. 

compounds of formula III. in which R1 is hydrogen and R2, R3. R11 and Y have the meanings 
mentioned above and R Is butyl or phenyl, are reacted with compounds of formula VII, in which R4 has 
the meanings gjven above. Said reaction can be carried out in a manner as described in the following 
examples or as known to the person skilled in the art according to a WitUg reaction. In the scope of this 
invention, said Witfig reaction is preferably carried out in a suitable solvent such es, for example, 
methanol or tetrahydrofUrane, using a suftabte.base such as. for example, sodium hydride or sodium 
mathanolate, at room temperature or at elevated temperature, preferably at 50°-ao°c. with regard to 
the configuration of the exocyclic double bond obtained by Wfttig reaction, the outcome can be a Z- or 
E-configurated product or, in particular, a mixture thereof. 

The reduction of the abovementloned exocydlc double bond following the deprotection reaction leads tt 
desired compounds of formula II, In which R1 is hydrogen and R2, R3. R4 and R11 havB the meanings 
given above. This reaction can be carried out as hydrogenation reaction according to procedures 
known to the person skilled in the art or according to the following examples in the presence of a 
suitable catalyst such as, for example, palladium on active carbon or platinum dioxide, in a suitable 
solvent (e.g. in a lower alcohol, such as, for example, melhanol). If necessary, acid, such as 
trifluoracetic acid or acetic acid, can be added to the reaction mixture. 
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Co.np.unds of fbnnula VII. in which M has lha meanings mandonad above, can be obtained for 
•MM £ deec*ed In Ashimor, « a,. Cham. Pn„mr. Bull. 1990. 38. 2446-2458 or enaogous* „ 
swlarfy thenar, us»,g procss steps known to the pwaon skilled In the art. 

Reaaion scheme 2 below shows by way* e.anpl.tn. pmpanaon of compounds „, farmula m 

above. In a Itat reacllon slap compounds of fccmula VII, ,„ which R4 haa the meeninge mandonad 

aunda-ofCliXIn 

la sudably memyl. In a mannar known tan the Idsndun, (o.p. according to an aldol raaodon) or add, 
M * l~— *"-» •« - M~ Par a«np,a. said Zp^LT 
7™* 6 "^«»'^co m pounda., fan ™,aV l ,,. h w nfc i R1 
pr-drably.l-tC^apdR,, has tha meanings mandonad abova and TMS fcpreslnfo n^efhvlsnvl 

formula PC. ,„ ^ „, „ Wi prrfBral ,^ 1^,, M M aM R , , ^ ™* 

ertwy skill mb »,. art. v»«n ragan to g,. oonflpunrton of the carton atom to whjch tha hydro** group 

^configuratad carbon atom or, In partioular. lmMR g^eo,. 

a^ZT^" fcn " U " " ^ ^^^"rtheycanbepr^ared 
accordstg to art-known procaduraa or sMariy or analogeously thereto. 

fonnuta DC ,n which R, is hydrogen or. preforaWy. MB* and R4 and m, hava ma meLgs 
^catod a ova^ . donated to *. conaspondln, compounds offomtuto X. Said daoxJLon 
ZT^ ° """■'•»■"'"» *Wed hth.snors. d»c*ad by vJo^C. 
^"Tl^ ^^-^M^tBdM laoarwa^fa^WoZaaay 

ITn ^ !, ■ * «^ ^ *^ »*■ « compound, of formula IX can beX^d 
1"* ,aa " n9 0^ou, '' |TOfera, ">' *• TMuoromathan^udbny. graup. and auoaaauan. raptors™* a, 

nrr^ r raducs ° in a — - , , —" 10 *• ^ «*■ * ■» « «*» for 

axampto. a Sudanis hyd^gan donor or a auttabla hydrogan producing mUton, comprising to example 
a eudabta mate,, prefo^c. to obtoto rtoskad sounds offomruia X Moa, pLJbty. sT 
daox»gan*an ^cbon Is canted wjt as das^tbad In tha following axamplaa amploylng In tha final atop 
aodlan rodlda and 4no in a ona-po, p^^ h . ^ ^ ^ „ JZgml « 
elevated temperature. ' ' . 
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Raactlon scheme 2: 




.OR* 

+ (R1)(R11)C={ 
-CHO OTWS 

(VII) (VIII) 






In a third step ester compounds - preferably die methyl ester compounds - of formula X. in which R1 is 
hydrogen or. preferably, i-4C-alKyl and R4 and R1 1 have the meanings indicated above, are 
saponificated in a manner described in the following examples or as known to the person sKiJIed in the 
art to give corresponding compounds of formula XI. 

In the next step compounds of formula XII. in which R1 is hydrogen or; preferably. 1-4C-alkyl and R2. 
R3, R4 and R11 have the meanings indicated above, are prepared from compounds of formula XI. in 
which Rl is hydrogen or. preferably. 1-4C-alkyl and R4 and R11 have the abovementloned meanings, 
and compounds of foimula VI. in which R2 and R3 have the abovementioned meanings, in a manner 
habitual per se to the person skilled in the art. for example by reaction with amide bond linking reagents 
known to the person skilled in the art Exemplary amide bond linking reagents known to the person 
skilled in the art which may be mentioned are, for example, carbodfimides. azodicarboxylic acid 
derivatives, uronium salts, N.N'-carbonyldiimidazole or. preferably, phosphonium salts such as. for 
example, benzotoazoM-yl^xy-tris-pyrrolidino-phosphontum hexafluorophosphate. 
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In the final step compounds of formula XII. in which R1 is hydrogen or, preferably, 1-4C-aiky, anri R2 
R3. R4 and R1 1 have the meanings given above, are converted into compounds of formula I, in which 
R1 is hydrogen or, preferabiy, 1^a lk yl and R2, R3. R4 and R1 1 have the meanings given above, by 
cyctocondensation reaction. Said cyctocondensation reaction is canied out in a manner known per se to 
the person skilled In the art or as described by way of example in the following examples, according to 
B.schler-Napieralski (e.g. as described in J. Chem. Soc., 1956. 428IM282) in the presence of a 
suitable condensing agent such as, for example, polyphosphnric acid, phosphorus pentachtortee 
phosphorus pentoxide or phosphorus oxychloride, in a suitable inert solvent, e.g. in a chlorinated ' 
hydrocarbon such as chloroform, or in a cyclic hydrocarbon such as toluene or xylene, or another inert 
solventsuch as isopropyl acetate or acetonitrile, or without further solvent using an excess of 
condensing agent, at reduced temperature, or at room temperature, or at elevated temperature or at 
the boiling temperature of the solvent or condensing agent used. 

Alternatively, compounds of formula XI can be also directly cycled with compounds of formula Vi 
under suitable conditions (e.g. in polyphosphoric acid at elevated temperature) to give the desired 
compounds of formula I. 



Compounds of formula I, in which R2 is phenyl or R21- and/or R211 -substituted phenyl, can be 
prepared, for example, as described by way of example in the following examples or according to 
processes known from literature or analogously or similarly thereto, for example storting from the 
corresponding compounds of formula I. in which R2 or R3 is preferably iodine or bromine, a g 
according to known metal catalyzed Coupling reactions, such as e.g. the Suzuki reaction is. This 
Suzuki reaction can be carried out as known to the person skilled in the art using, for example 
appropriate boronic acids or boronic acid derivatives and suitable metal catalysts, preferabiy transition 
metal catalysts (such as. for example, palladium catalysts), optionally, in the presence of an inorganic 
Irthium salt, preferably lithium chloride. Said boronic acids or boronic acid derivatives can be prepared 
according to art-Known manners, e.g. from R21- and/or R21 Substituted phenyl halides ortriflates 
using e.g. bis-(pinacolato)-d!boron. 

Compounds of formula I, in which R2 is 1-4G-alkonyearbonyl, can bs obtained, for example in a . 
manner known to the person skilled in the art according, for example, a metal catalyzed (e g a 
transition metal catalyzed, preferably palladium catalyzed) carbonytefjon reaction of the corresponding 
compounds of formula I. in which R2 or R3 is preferably iodine or bromine, in the presence of a suitable 
alcohol 

Compounds of formula I, in which R21 is l^lkylcarbonylamino or phenyteulfonylamino. can be 
prepared, for example, according to processes Known. from, literature or analogously or similarly thereto 
starting from the corresponding compounds of formula I. in which,R21 is amino, e.g. by acylation or 
sulfonylation reaction habitual per se to me sWfetf person. 
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The compounds according to the invention can be converted, optionally, into their N-oxides, for 
example with the aid of hydrogen peroxide in methanol or withthe aid of m-chloroperoxybenzoic acid in 
dichtoromethane. The person skilled in the art is familiar on the basis of his/her expert knowledge with 
the reaction conditions which are specifically necessary for carrying out the N-oxidatton. 

It is known to the person skilled in the art that if there are a number of reactive centers on a starting or 
intermediate compound it may be necessary to block one or more reactjve centers temporarily by 
protective groups in order to allow a reaction to proceed specifically at the desired reaction ranter. A 
detailed description for the use of a large number of proven protective groups Is found, for example, in 
T. Greene and P. Wute. "Protective Groups in Organic Synthesis" (John Wiley & Sons, Inc. 1999, 3* 
Ed.) or in P. Kocienski, 'Protecting Groups (Thieme Foundations Organic Chemistry Series N Group" 
(Thieme Medical Publishers, 2000). 

The substances according to the invention are isolated and purified tn a manner known per se, e.g. by 
distilling off the solvent in vacuo and recrystallizing the residue obtained from a suitable solvent or 
subjecting it to one of the customary purification methods, such as column chromatography on a 
suitable support material. 

Sa|ts are obtained by dissolving the free compound in a suitable solvent (tor example a ketone like 
acetone, methylethylketone, or methylisobutylketone, an ether, like diethyl ether, tetrahydrofuran or 
dioxane, a chlorinated hydrocarbon, such as methylene chloride or chloroform, or a low molecular 
weight aliphatic alcohol, such as ethanol, isopropanol) which contains the desired acid, or to which the 
desired acid is then added. The salts are obtained by filtering, repredpitating, precipitating with a non- 
solvent for the addition salt or by evaporating the solvent. Salts obtained can be converted by basi- 
fication into the free compounds which, in turn, can be converted into salts. In this manner* pharma- 
cologically non-tolerable salts can be converted into pharmacologically tolerable salts. 

Suitably, the conversions mentioned in this invention can be carried out analogously or similarly to 
methods which are familiar per se to the person skilled in the art, tor example, in the manner which is 
described by way of example in the following examples. 

The person stalled in the art knows on the basis of his/her knowledge and on the basis of those 
synthesis routes, which are shown and described within the description of this invention, how to find, 
other possible synthesis routes for compounds according to this invention. AJ1 these other possible 
synthesis routes are also part of this invention. 

. Having described the invention in detail, the scope of the present invention is not limited only to those 
described characteristics or embodiments. As will be apparent to persons skilled in the art, 
modifications, analogies, variations, derivations, homologisations and adaptations to the described 
Invention can be made on the base of art-known knowledge and/or t particularly, on the base of the 
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disdosure (e.g. the explicits, implicfte or inherent disclosure) of the present invention without departing 
from the spirit and scope of this invention. 

The following examples illustrate the invention in greater detail, without restricfing it As well, further 
compounds according to the present invention, of which the preparation is explicitly not described, can 
be prepared in an analogous way or in a way which is known by a person skilled in the art using 
customary preparation methods and process techniques. 

In the examples, m.p. stands for melting point, h for hours, d for days, min for minutes. TLC for thin 
layer chromatography, Rf for retention factor, MS for mass spectrum. M for molecular ion. 

The compounds, which are mentioned in the examples as well as their salts are preferred compounds 
of the invention. 



EoiPf.2eit:Ol/lO/2003 14:33 



Enpf.nr.2876 P. 020 



1.OKT.2003 14:36 RLTRNfl PHflRHfl RG 

1143EPORD01 2003-02 02 



NR. 511 S. 21/33 



-14* 

Examples 
Final products 

1. f^Sl-24344^ ethoxvpvridln4^ 

A solution of 0.59 g of 4-methoxypyridine-2-carbaIdehyde (Ashimori eta!., Chem. Pharm. Bull. 38, 
2446-2458 (1990)) in 19 ml of methanol is treated with 1.9 g of {1-(3H-Imidazo[4 f 5-b]pyridin-2-yl)-emyl}- 
trfphenyl-phosphonium chloride (compound A1). 3.3 ml of a solution of sodium methanolate in methanol 
(1 .3 M) are added dropwise at 50° C. The reaction mixture is stirred at 50°C for 4 h and evaporated to 
dryness. The resulting residue is chojnatographed on silica gel using dichloromethane/methanol 20; 1 to 
give 1.75 g of a colorless, amorpheous solid, which is dissolved In 190 ml of methanol. 1.5 ml of glacial 
acetic acid and 38B mg of palladium on active carbon (10% Pd) are added and the suspension is stirred 
at room temperature for 2-5 d under hydrogen atmosphere. Then the catalyst is filtered off and the 
reaction mixture is concentrated to dryness. After chromatographical purification of the residue on silica 
gel (dichoromethane/methanol 25:1) and evaporation of the eluents, B37 mg of an oil are obtained, 
which is dissolved In 160 ml of dichloromethane. 2 ml of an ethereal hydrochloric add solution (2.0 M) 
are added to the solution under ice-cooling. After lyophfflization from dioxane, 0,951 g of the title 
compound are obtained as a colorless lyophilisate. Wlp. 61°-64°a MS: 269.1 (MH*). TLC: Rf = 0.44 
(dichloromethane/methanol 10:1). 

2. fR,S)^44-(4^ethoxrPVridin.2-vlte 

A solution of 7.2 g of tnbutyKM3H-imidaffl[4 f 5-b]pyri chloride 
(compound A2) in tetrahydrofurane is added to a suspension of 720 mg of sodium hydride (60% 
strength suspension in paraffin) in 180 ml of tetrahydrofurane. After 15 min stirring, a solution of 0.500 g 
of 4^methoxypyridine-2-carbaidehyde (Ashimori etal., Chem. Pharm. Bull 38, 2446-245B (1990)) in 
tetrahydrofurane is added dropwise and the reaction mixture Is heated at 80°C for 6 h. The mixture is 
then evaporated to dryness and the resulting residue chomatographed on silica gel using 
dichloromethane/methanol 20:1 to give 3.58 g of a colorless, amorpheous solid, which is dissolved as 
obtained in 200 ml of methanol. 2.9 ml of trifluoracetic acid and 788 mg of palladium on active carbon 
(10% Pd) are added and the suspension is stirred at room temperature for 2,5 d under hydrogen 
atmosphere. Then the catalyst is filtered off and the reaction mixture Is concentrated to dryness. After 
chromatographical purification of the residue on silica gel (dichoromethane/methanol 10:1 to 5:1) and 
evaporation of the eluents, 1 .4 g of the title compound are obtained as an oil. WIS: 283.1 (MH*). TLC: Rf 
= 0.48 (dichloromethane/methanol 10:1). 
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3. 



2-p.(44>aetiioxvhvriBln^.«n.i •i->i tmethvi. B »ivn^H.imidM a f 4 l «i-| Tlmf ^ fn? 

A solution of 3.56 g of 3-(4^ et hc^pyriajn-2^2^m e thy|.p ro pionte acid (compound A3), 2 05 g of 
2.3-diaminopyrfdineand^ 

h^fiuorophosphate in 17S ml of pyridine is treated dropwise with 3.5 ml of N.N^jsopro P y, e t hy ,amine. 
After complete addition, the reaction mixture is starred at 40°C for 22 h. Then the reaciion mixture is 
concentrated to dryness and the residue purified by chromatography on silica gel 
(dichloromethane/methanol 10:1) to give 4.19 g of the amide intermediate, which is suspended as 
obtained in 51 .5 ml of phosphoroxychloride. The reaction mixture Is refluxed for 19 h. evaporated to 
dryness, the resulting residue is dissolved In 190 ml of water, with the aid of 2 M aqueous sodium 
hydroxide solution the pH is adjusted to P H 6 and the mixture is extracted four times with each 100 ml 
of dichloromethane. The organic layers are collected, washed with 100 ml of water and 1 00 ml of brine 
dried using sodium sulfate and concentrated. After chromatographics! purification of the residue on ' 
silica gel (dichoromethane/methanol 20:1) and evaporation of the eluente. 6.624 of the title compound 
are obtained as colorless, waxy solid. M.p. 149M5VC. MS: 283.3 (MH 1 ). TLC: Rf = 0 27 
(dichloromethane/methanol 10:1). 




Starting material* 

0.66 g of Z-CI-chtoroethyD-SH-imidazo^S-bJpyridine (compound B1) are suspended in 40 ml of N N- 
dimethylformamide and 120 ml of acetonitrile. 12.6 g of triphenyiphosphine are added and the mixture 
is heated to 150-C for 17 h. The mixture is concentrated to dryness and the crude product purified by 
chromatography on silica gel (eluent dichloromethane/methanol 20:1) to afford 4.16 g of the title 
compound as an oil. MS: 408.0 (M"). 

A3. 

S.66 s of a-d^hloropropyD-SH^idasoH.S-bJpyridine (compound B2) are suspended in 18 ml of N N- 
dimethylformamlds and 61 ml of acetonitrile. 6.3 ml of triphenyiphosphine are added at 40°C and the 
mixture .s heated to 90"C for 16 h. The mixture is concentrated to dryness to give 1 1.9 g of the title 
compound as an oil. MS: 362.2 (M*). 

**• 3.f4.M e thOXVOVridF^2-vn-9 ? ^7 nneth v l . nfen;nH ^ 

acid 

A solution of 1.0 g of 3K4Hn e tooxypyridin-2lyn-2.2-dimethyl. pro pionic acid methyl ester (compound B3) 
in 52 ml of 4ioxane is treated dropwise with 12.1 ml of an aqueous solution of lithium hydroxide (290 mg 
of lithium hydroxide in 12.1 ml of water): After stirring atSOX for 3.5 h. the pH is adjusted to pH 6 by 
addition of aqueous hydrochloric acid (1 M) _ The solvents are removed in vacuo and the remaining 
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residue is purified by chromatography on silica gel (dichtoromethane/methanol 15:1) to obtain 0.864 g 
of the title compound as colorless, "amorpheous solid M.p. 15D D -151°C. MS: 210.2 (MH*). TLC: Rf = 
0.27 (dichloromethane/methanol 10:1). 

B1. 2^ChtoroBthv lvaH4mSd ag or4-5-b1 P irf1dtnB 

5.2 g of 2,3-diaminopyridine in 209 g of polyphosphorie acid are heated at 120°C for 0.5 h, The solution 
is cooled to 80°C and 4.6 ml of 2-chloropropionitrile are added. Thereafter, the reaction mixture is 
heated to 1B0°C for 2.5 h. After cooling, the polyphosphoric add is hydroiyzed with water, the mixture is 
filtered using charcoal and celite and the pH value of the filtrate is adjusted to pH 4 using 9 IY1 aqueous 
sodium hydroxide solution. The mixture is extracted iwics each with 250 ml of ethyl acetate, the 
combined organic phases are dried using sodium sulfate, concentrated and lyophilized from 
ethanolAwater to give 3.56 g of the title compound as a fight brown, amorpheous solid. M.p. 132*C. 
TLC: Rf = 0.60 (dichloromethane/methanol 8:1). 

B2. 2-f1^hloropropvn-3H>im8da2or4.g-MpvridlnB 

5.0 g of 2,3-diaminopyridine in 200 g of polyphosphoric acid are heated at 120°C for 0.5 h- The solution 
is cooled to 80 P C and 5.7 ml of 2-chlorobutyricacid are added. Thereafter, the reaction mixture is 
heated to 130 Q C for 22 h. After cooling, the polyphosphoric acid is hydroiysed with water, the mixture is 
filtered using charcoal and celite and the pH value of the filtrate is adjusted to pH 4 using 9 M aqueous 
sodium hydroxide solution- The mixture is extracted three times each with 200 ml of ethyl acetate, the 
combined organic phases are dried using sodium sulfate, concentrated and the residue is purified by 
chromatography on silica gel (eluent toluene/ethyl acetate 1:1) to give 5.19 g of the title compound as a 
colorless, amorpheous solid. M.p. 137°C. TLC: Rf = 0.50 (dlchloromethane/methairiol 10:1). 

B3, 3^4^ethoxvpvririln^2-vnA2>»dlmBthv l-nroplonIc acid methyl ester 

3.0 g of 3^hydroxy^(4-methoxypyridin-2-yl)^ l 2^Imethyi^ropionlc acid methyl ester (compound C3), 
0.153 g of 4-dimethylaminopyridlne and 2.58 mi of NK-dfeopropylethylamine are dissolved in B0 ml of 
dichloromethane. Trifluoromethanesulfonic add anhydride Is added dropwjse under ice-cooling. The 
-cooling bath is removed and the mixture is stirred at room temperature for 2.5 h. After evaporation in 
vacuo, the remaining residue is dissolved as obtained in 100 ml of 1,2-dlrpethoxyethane. 9.37 g of 
sodium iodide and 18.3 g of activated zinc are added and the mixture is stirred at 100°C for 1.5 h. The 
solids are filtered off, the filtrate is diluted with 800 ml of dichloromethane and extracted several times 
with halfeaturated aqueous sodium chloride solution. The organic layer is dried using sodium sulfate 
and concentrated. The residue is purified by chromatography on silica gel Ctoluene/ethyl acetate 2:1) to 
afford 1 .6 g of the title compound as an on. MS: 224.2 (MH*). TLC: Rf = 0.28 (toluene/acetone 2:1). 



Empf.zeit:0i/10/2003 14:34 



Empf.nr«:876 P. 023 



1.OKT.E003 14:37 RLTRNfl PHflRNfl RG 

■1143EPORD01 2003-02 02 



MR- 511 S.24/SE 



-17- 

031 ■ 3 - H Vdroxy^f4.m B Hi^ P vr?d?n.2-vn^L2-d.m B «hu t . pmn i» ntf . gt . tfl mBtflvl e8tap 

A solution of 0.58 g of ^ethojqrpyffdin^Z-caibaldehyde (Ashimori et al.. Cham. Pharm. Bull 38 
2448-2458 (1B90)) and 21 mg of scandium trifiuoromethanesulfbnate in 14 ml of dichloromethane is 
treated dropwise with 0.9 ml of l-methoxy-2-methyM -tlmethytefiyioxypropane under ice-cooling. After 
10 mm the cooling bath is removed and the mixture is stirred for 18 h. Thereafter. 12 ml of methanol 
and 12 ml of aqueous hydrochloric acid (3 M) are added and stirring is continued for further 14 h The 
solvenfe are removed in vacuo, the residue is dissolved in dichloromethane and washed with saturated 
aqueous sodium hydrogencamonate solution. The organic layer is dried using sodium sulfate and 
concentrated to give 0.845 g of the title compound as a colorless oil. MS: 240.0 (MH*). TLC Rf » 0 46 
(toluene/acetone 2:1). " ' 
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Commercial applicability 

The compounds according to the invention have valuable pharmacological properties which mafce them 
commercially utilteable. ThBy are selective inhibitors of the enzyme inducible nitric oxide synthase. Nitric 
oxide synthases (NO-syntases. NOSs) are enzymes that generate NO and dtruliine from the amino 
acid arginine. In certain pathophysiological situations such as arginine depletion or tetrahydrobiopterin 
depletion the generation of 0£ from NO-synthases instead or together with NO has been reported. NO 
is long known as a signalling molecule in most living organisms including mammals and humans. The 
most prominent action of NO is it's smooth muscle relaxing activity, which is caused on the molecular 
level by the activation of soluble guanylate cyclase. In the last years a lot of other enzymes have been 
shown to be regulated by NO or reaction products of NO. 

There exist three isofbims of NO-synthases which fall into two classes and differ in their physiologic 
functions and molecular properties. The first class, known as constitutive NO-synthases, comprises of 
the endothelial NO-synthase and the neuronal NO-synthase. Both isoenzymes are expressed 
coiistitutively in various cell types, but are most prominent in endothelial ceils of blood vessel walls 
(therefore called endothelial NO-synthase, eNOS or NOS-III) and in neuronal cells (therefore called 
neuronal NO-synthase, nNOS or NOS-f ). Activation of these two enzymes is dependent on 
Ca 2 */CaImodulin which is generated by transient increases of the intracellular free Da 24 * concentration. 
Activation of constitutive isoforms leads to transient bursts of nitric oxide resulting in nanomolar cellular 
or tissue NO concentrations. The endothelial tsofbrm is involved in the physiologic regulation of blood 
pressure. NO generated by the neuronal isoform seems to have neurotransmitter function and the 
neuronal isoform is among other regulatory processes involved in memory function (long term 
potentiation). 

In contrast to the constitutive isoforms the activation of inducible NO-synthase (iNOS, NOS-II), the sole 
member of the second class, is performed by transcriptional activation of the iNOS-promoter. 
Proinflammatory stimuli lead to transcription of the gene for Inducible NO-synthase, which is 
catafyticatly active without increases in the intracellular Ca**-concentration; Due to the long half live of 
the inducibte NO-synthase and the unregulated activity of the enzyme, high micromofar concentrations 
of NO are generated over longer time periods. These high NO-concentrations alone or in cooperation 
with other tractive radicals such as Q£ are cytotoxic. Therefore, in situations of microbial infections, 
iNOS is involved in cell killing by macrophages and other immune ceils during early nonspecific immune 
responses. 

There are a number of pathophysiological situations which among others are characterized by the high 
expression of inducible NO-synthase and concomitant high NO or Q£ concentrations. It has been 
shown that these high NO concentrations alone or in combination with other radical species lead to 
tissue and organ damage and are causally involved in these pathophysiologies. As inflammation is 
characterized by the expression of proinflammatory enzymes, including inducible NO-synthase, acute 
and chronical inflammatory processes are promising diseases for the therapeutic application of 
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^ !**" " f Caharpathophys.o.ogi.n ^ nIgn NtH>roduc8o „ 

,nd^a N^jn*^. are several forms of Bhoct: (sortie hemorrhagic and c***^^ 

«" s <°M"<»mfentinhu>itionofoon^^ '""•won 

tavela by NO^avnngnr or mhlbldon of Moon.,. No-synthaa. mston* eyatem,e blood pJL 
n-u« «g.n damage ar* honaHrea ^rvta, (dsAngeb Exp. Opin. Pharmacol l4 £. R . ffl 

ahown o« .ne^asao N0 pn=d Uctlon dorWg eeptio .hock oortrtbute a, oardiao do Pre «,on and 
myooardfc, dyafuooeon lSm « a . J. «olco. car** go. g BM ,y, 19 gg, Fum ZoTd *. 
rape* ehowmg redaned IH ate ate, oooCrdon of the left amedor oo™„ary artery k dTp^ne 

^tflaae aoMy ,a fouad m. human rarttomyoprdhyand myooanfflie, ^ppomng ms nypo3L 
In animal models of acute or chronic inflammation, blockade of inducible NO-synthase by isoform- 

^nv^? 7 ?r^ L GUt45 ' 1 "" 209 ' 1M * ^-aiaiomeruionapbmls (NaL eta,. 
Lab. invest 72, 17-24. 1995), experimenial diabetes (Corbett et a«. PNAS 90, 8992-B995, 1993) LPS- 

T * ^ Med " 158 ' 1883 - 1889 ' 1998 >" A P^ophysio,o gl ca, rote of mdudbte 

Furthermore, fn modete of neurodegenerative diseases of the CMS such as MPTP-induced 
P^nsonfem amyloid peptide induced Afeheime^ disease (Ishii eta,., FASEB J. 14. 1483-1489 
2000), mafonate rnduced Hunan's disease (Connop eta,. Neuropharmaco,. 35, 459-465. 1996, 

ZZZT ! KOrytk ° * BOjB NeUropharmac?l - «■ 23 ^ 37 . 1«0 and experiment* 

encephailbs (Parkmson et aL J. Mo,. Med. 75. 174-166. 1997) a causa, participation of NO and 

inducible NO-synthase has been shown. 

.ncreased MOB e^ ress ,on has been found in the brains of AIDS victims and it is reasonable to 
assume a roie of ,NOS in A,DS reteted dementia (Bagasra eta,. J. Neuroviro,. 3 153-167, 1997). 

Otherstudies implicated nitric oxide as a potentte, mediator of mlcrogHa dependent primary 
demyCnatron. a hailmarK of murtipte skierosb (Parkinson et al. J. Mo,. Med. 75, 174-186. 1997). 
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An inflammatory reaction with concomitant expression of inducible NO-synthase also takes place during 
cerebral ischemia and reperfusion (ladecole et al. Stroke 27, 1373-1380, 1996). Resulting NO together 
with 0 2 " from infiltrating neutrophils is thought to be responsible for cellular and organ damage. 
Also, in models of traumatic brain injury (Mesenge et al. J. Neurotrauma 13. 209-214. 1996; Wada et al. 
Neurosurgery 43, 1427-1436, 1998) NO-synthase inhibitors have been show to posses protective 
properties. A regulatory role tor inducible NO-synthase has been reported In various tumor cell lines 
(Tozer & Everett Clin Oncol. 9. 357-284, 1 997). 

On account of their Inducible NO-synthase-inhibiting properties, the compounds according to the 
invention can ba employed in human and veterinary medicine and therapeutics, where an excess of NO 
or 0 2 * due to increases In the activity of inducible NO-synthase is Involved. They can be used without 
Pmitation for the treatment pnd prophylaxis of the following diseases: 

Acute inflammatory diseases: septic shock, sepsis, SIRS, hemorrhagic shock, shock states induced by 
cytokine therapy (IL-2. TNF), organ transplantation and transplant rejection, head trauma, acute lung 
injury, ARDS, inflammatory skin conditions such as sunburn, inflammatory eye conditions such as 
uveitis, glaucoma and conjunctivitis. 

Chronic inflammatory diseases of peripheral organs and the CNS: gastrointestinal inflammatory 
diseases such as Crohn's disease, inflammetory bowel disease, ulcerative colitis, lung inflammatory 
diseases such as asthma and COPD, arthritic disorders such as rheumatoid arthritis, osteoarthritis and 
gouty arthritis, heart disorders such as cardiomyopathy and myocarditis, artherosWerosis, neurogenic 
inflammation. sWn-diseases such as psoriasis, dermatitis and eczema, diabetes, glomerulonephritis; 
dementias such as dementias of the Alzheimer's type, vascular dementia, dementia due to a general 
medical condition, such as AIDS-, Parkinson s disease. Huntington's induced dementias, AL5. multiple 
sklercsis; necrotizing vascuBtides such as polyarteritis nodosa, serum sickness, Wegener's 
granulomatosis. Kawasaki's syndrom; headaches such as migraine, chronic tension headaches, cluster 
and vascuiar headaches, post-traumatic stress disorders; pain disorders such as neuropathic pain; 
myocardial and cerebral ischemia/reperiUsion injury. 

The compounds may also be useful in the treatment of cancers that express nitric oxide synthase. 

The invention further relates to a method tor the treatment of mammals, including humans, which are 
suffering from one of the abovementioned illnesses. The method is characterized in that a therapeuti- 
cally active and pharmacologically effective and tolerable amount of one or more of the compounds 
according to the Invention is administered to the ill mammal. 

The invention further relates to the compounds according to the invention tor use in die treatment 
and/or prophylaxis of illnesses, especially the illnesses mentioned. 
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The invenUon also relates to the use of the compounds according to the invention for the production of 
Pharmaceutical compositions which are employed for the treatment and/or prophylaxis of the Illnesses 
mentioned. - «— ». 

The invention also relates to the use of the compounds according to the Invention for the production of 
pharmaceutical compositions having an iNOS inhibitory activity. 

The invention furthermore relates to pharmaceutical compositions for the treatment and/or prophylaxis 
of the illnesses mentioned, which contain one or more of the compounds according to the invention. 

The pharmaceutical compositions are prepared by processes which are Known per se and familiar to 
the person skilled in the art As pharmaceutical compositions, the compounds according to the 
invention active compounds) are either employed as such, or preferably in combination with suitable 
pharmaceutical auxiliaries and/or excipients. e.g. in the form of tablets, coated tablets, capsules 
caplets. suppositories, patches (e.g. as TTS). emulsions, suspensions, gels or solutions, the active 
compound content advantageously being between 0.1 and 95% and where, by the appropriate choice 
of the auxiliaries and/or excipients. a pharmaceutical administration form (e.g. a delayed release form 
or an enteric form) exactly suited to the active compound and/or to the desired onset of action can be 
achieved. 

The person skilled in the art is familiar with auxiliaries or excipients which are suitable for the desired 
pharmaceutical formulations on account of his/her expert knowledge. In addition to solvents, gel for- 
mere, ointment bases and other active compound excipients. tor example antioxidants, disponents 
emulsifiers. preservatives, solubilfeers, colorants. compJexing agents or permeation promoters, can be 
used. 

The administration of the pharmaceutical compositions according to the invention may be performed in 
any of the generally accepted modes of administration available in the art Illustrative examples of 
suitable modes of administration Include intravenous, oral, nasal, parenteral, topical, tensdermal and 
rectal delivery. Oral and intravenous delivery are preferred. 

For the treatment of disorders of the respiratory tract the compounds according to the invention are 
preferably also administered by inhalation In the form of an aerosol; the aerosol particles of solid, liquid 
or mixed composition preferably having a diameter of 0.5 to 1 0 M m, advantagously of 2 to 6 urn- 
Aerosol generation can be earned out. far example, by pressure-driven jet atomizers or ultrasonic 
atomizers, but advantageously by propellent-driven metered aerosols or propellant-frce administration 
of micron ized active compounds from inhalation capsules. 
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Depending on the inhaler system used, in addition to the active compounds the administration forms 
additionally contain the requited excipients, such as, for example, propellants (e.g. Frigen in the case of 
metered aerosols), surface-active substances, emulsifiers. stabilizers, preservatives, flavorings, fillers 
(e.g. lactosB in the case of powder Inhalers) or, If appropriate, further active compounds, 

For the purposes of inhalation, a large number of apparatuses are available with which aerosols of 
optimum particle size can be generated and administered, using an Inhalation technique which is as 
right as possible for the patient In addition to the use of adaptors (spacers, expanders) and pear- 
shaped containers (e.g. Nebulatoi®, Volurnatfc®), and automatic devices emitting a puffer spray 
(Autohaler®), for metered aerosols, In particular in the case of powder inhalers, a number of technical 
solutions are available (e.g, Diskhaler®, Rotadisk®, Turbohaler® or the inhaler described in European 
Patent Application EP 0 505 321), using which an optimal administration of active compound can be 
achieved. 

For the treatment of dermatoses, the compounds according to the invention are in particular administe- 
red in the form of those pharmaceutical compositions which are suitable for topical application. For the 
production of the pharmaceutical compositions, the compounds according to the invention (= active 
compounds) are preferably mixed with suitable pharmaceutical auxiliaries and further processed to give 
suitable pharmaceutical formulations. Suitable pharmaceutical formulations are, for example, powders; 
emulsions, suspensions, sprays, oils, ointments, fatty ointpnents, crams, pastes, gels or solutions. 

The pharmaceutical compositions according to the invention are prepared by processes known per se. 
The dosage of the active compounds is earned out in the order of magnitude customary for iNOS inhibi- 
tors. Topical application forms (such as ointments) for the treatment of dermatoses thus contain the 
active compounds in a concentration of, for example, 0,1-99%. The dose for administration by 
inhalation is customarty between 0.1 and 10 mg per day. The customary dose in the case of systemic 
therapy (p.o.) is between 0.3 and 30 mg/kg per day, (I v.) is between 0.3 and 30 mg/kg/h- 
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Biological In vestigation* 

Measurement of inducible NO-synthasa activity 

i l Perf ° rmed in ^ miCTOtfter F -P' ates < GreJ ^ Fnckenhausen. FRG) in a total vo,ume 

150000 dpm of fHJartJ.nme are added to the assay mbdure. Enzyme taction is started by the add-on 
»s .noubated 1br45 to 60 m,„ at 37»C. Enzyme reaction is stopped by adding 10 ul of ZWI MES buZl 

E^bor°;:rt^^ 

Eschborn. FRG, containing already 60 M , of AG-50W-X6 cation exchange resin' (Bicrad M*eh-T^ 
FRG,. The resin in the Na loaded form is proliferated in water and 70 N | (00^0^0 ^' , h 

(Packard, Meriden, CT). The resin in the filtration plates Is washed with 75 M | of water (1x50 ul and 1x 
25 p|) which is also collected in the same plate as the sample. The total flowthrc^h of ^5 u| is^jxerf 

TopSeal P-fcil (Packard,. Scintiliation p»ates are counted in a station counter. 

tne percent inhibition at given concentrations by nonlinear leastsquare fitting. 

te^TZ^T d6t6rmined ** *" COmP ° UndS 9CC ° rt,?19 to *■ ^«on tonow from the lowing 
table A, in which the compound numbers correspond to the esample numbers. 

TsteleA 

InhiblMon of IMPS activity [measured as -loglC ra (mol/l)J 



compound 


-ioglCso 


1 


7.15 
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Patent claims 

1. Compounds of formula I 




in which 

R1 is hydrogen or 1 -4C-alkyl, 

R2 is hydrogen, halogen, hydroxyl, nitro, amlno l l-7C-alkyl, trifluoromethyl. 3-7C-cycIoaikyi ( 3-7C- 
cycloalkyl-1-4C-alkyl, 1-4C-alkoxy, completely or predominantly fluorine-substituted 1-4C-alkoxy, 
l-4C-alkoxy-1«4C-allcyl. 1-4C^»«xy-1-4C-a1lcoxy T 1^C-alk6xycart>onyl, mono- or di r 1-4C- \ 
alkylaminocarbonyl. mono- or dh1-4C-^lkylam!nosulfbnyl ? 1-4C-alkyIcarbonyIamino, 1-4C- 
alkyisulfonylamino, phenyl, R21- and/or R21 1-substituted phenyl, phenyM-4C-alkyl, phenyl-l~4C- 
alkyl wherein the phenyl moiety is substituted by R22, phenyH-4C-alkoxy, pyridyl, pyridyl 
substituted by R23, pyridykMC-alicyl, pyridyI-l-4C-alKyl wherein the pyridyl moiety is substituted 
by R24, In which 

R21 is cyano, halogen, carboxyl, 1~4C-alkyl, l-4C-a!koxy. aminocarbonyl, mono- or dM-4C- 

alkylaminocarbonyl, l^4C-alky|carbonylamino. 1-4C^lkoxycarbonyl, aminosulfbnyl, mono- or di- 
1-4C-alkylaminosulfbnyl t amino, mono- or di-1-4C-alkyiamino, trifluoromethyl, hydroxy!, 
phenylsulfonyiamino or phenyH-4C-aiko)^, 

R211 is halogen or 1-4C-alkoxy. 

R22. is halogen, 1-4C-alkyl or l-4C-alkoxy, 

R23 is halogen, 1-4C-alkyl or 1-4G-a1koxy, 

RZ4 is halogen. 1-4C-alKyl or 1-4C-alKoxy, 

R3 is hydrogen, halogen, 1-40alkyl or 1-4C-aikoxy, 

R4 is 1-4C-alkyl, 

R11 is 1-4C-alkyl, 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 



2. Compounds according to claim 1 in which 

R1. is hydrogen or 1-4C-alky|, 

R2 is hydrogen, 

R3 is hydrogen, 

R4 is methyl, 

R11. is 1-4C-alkyl, 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 
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3. Compounds according to claim 1 in which 
either • 

R1 is hydrogen, 

R2 is hydrogen, 

R3 is hydrogen. 

R4 is methyl, and 

R11 is methyl or efhyl, 
or 

R1 is methyl, 

R2 Is hydrogen, 

R3 is hydrogen, 

R4 is methyl, and 

R11 is methyl. 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 

4. Compounds of formula I according to claim 1 in which R4 is methyl, and the salts, the N-oxides and 
the salts of the N-oxides of these compounds. 

5. Compounds of formula I according to claim 1 for use in therapy, e.g. for the heatment of diseases. 

8. Pharmaceutical compositions containing one or more compounds of formula I according to claim 1 
together with the usual pharmaceutical auxiliaries and/or excfpients. 

7. Use of compounds of formula I according to claim 1 for the production of pharmaceutical 
compositions for 'the treatment of acute inflammatory diseases. 

8. Use of compounds of formula I according to one of the claims 1 for the production of pharmaceutical 
compositions for the treatment of chronic inflammatory diseases of peripheral organs and the CNS. 

S. A method for treating illnesses in a patient comprising administering to said patient a therapeutically 
effective amount of a compound of formula I according to claim 1 . 

10. A method for treating acute inflammatory diseases in a patient comprising administering to said 
patient a therapeutically effective amount of a compound of formula I according to daim 1. 
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Abstract 

The compounds of formula I in which R1. R2, R3 t R4 and R11 the meanings as given in the description 
are novel effective iNOS inhibitors. 
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